Introduction

11
Mid-oceanic ridges display a wide range of tectonic velocities. Similarly to subduction rates, spreading 12 rates have been tentatively correlated to a variety of physical, geochemical, and morphological character- (Dick et al., 2003) , or simply by overall lower mantle temperature (Cannat, 1993) . Hydrothermal 26 cooling within the variable fracture networks at slow and fast ridges is also often invoked (Phipps Morgan 27 and Chen, 1993). However, the cause of this lower thermal regime remains unclear at the ridge scale, for 28 departure from a mean spreading rate is also interpreted as depending on the deep thermal regime, implying 29 that buoyancy driven mantle flow controls the behavior of ridges (e.g. Sotin and Parmentier, 1989; Su et al., 30 1994). Ultraslow ridges would correspond to a cool enough mantle to starve ridges from the magmatic supply.
31
Here, we explore the possibility that plate tectonics and continental drift not only modify plate velocities 33 -including spreading rates-but may also alter the pattern of the long-wavelength thermal regime of the 34 mantle, in particular at shallow depths where it may disturb oceanic accretion. We suggest that spreading ridge, always spread at low rates, due to the resistance at the opposed plate boundaries of the massive
45
Eurasian and North American continents that systematically precluded fast spreading. Overall, we suggest 46 that the e↵ect of continental aggregation or slab anchoring at active margins is to prevent plate motion and of Debayle and Ricard, we interpret this degradation in the seismic signature as the fact that below a certain 79 rate of spreading or absolute motion, plate tectonics are at odds with the underlying mantle circulation.
80
At least, we interpret this observation as a symptom of a disturbed convective system for the mantle under 81 slow spreading ridges.
83
Another consideration arises from the fact that the oceanic lithospheres are thicker for slow spreading ridges ( fig. 3 ). This implies that the parametrization for the half-space cooling theory needs to be adjusted depending on the spreading rate. When possible, we thus tentatively extract the thickness z of the thermal lithosphere from seismic tomography by assigning a specific wave speed anomaly to the bottom of the lithosphere ( fig. 4a , for V s = 0% and V s = 1%) at a common and supposedly mature age of 65-70 Ma (to avoid local artifacts nearby ridges). The thickness of the seismic lithosphere clearly decreases with increasing spreading rates. One can further use this relationship as an indirect probe of the temperature variations in the sub-lithospheric mantle, on the basis of the half-space cooling theory, which relates the mantle temperature T m to plate age t, such that
where T 0 is the surface temperature, T L and z are the temperature and thickness of the thermal boundary 84 layer, and  is the thermal di↵usivity (e.g. Turcotte and Schubert, 2002). 
Numerical model
145
The numerical code used in this study is in two dimensions (2-D) and thermo-mechanically coupled.
For details regarding its mechanical part, we refer to Yamato et al. (2012). It solves the Stokes equations
(equations (2) and (3)) under the incompressibility constraint (4):
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where P , ij , ⇢ and g are the pressure, deviatoric stress tensor, density and gravitational acceleration, respectively. V x and V z are the two components of the velocity vector in the 2-D (x,z) Cartesian coordinate system. These equations are discretised on a Eulerian-staggered grid over the model domain using a finite di↵erence method Yuen, 2003, 2007) . Material properties (viscosity and density) are carried by Lagrangian markers. At each time step, these properties are interpolated from the markers to the finite di↵erence mesh using distance-dependent interpolation to solve the Stokes problem. All markers then move according to the obtained velocity field. This numerical scheme was already intensively tested (e.g. Yamato et al., 2012) and already applied with linear viscous materials at mantle convection scale (Yamato et al., 2013). For the thermal part, this code uses the formulation described and tested in Duprat-Oualid et al.
(2013). The evolution of the temperature T through time t is obtained from the heat equation (5) expressed as:
where Cp, k and Q correspond to the heat capacity, thermal conductivity and heat production, respectively.
This equation is discretized on the nodes of the Eulerian grid and solved using an implicit finite di↵erence method. The computed temperature is then interpolated on markers and advected following the velocity field.
At each time step, the physical material properties as well as the temperature, defined on markers, move forward in time using a 4 th order Runge-Kutta scheme. The thermal dependence of the viscosity and density is then applied to the markers. The viscosity is computed following Blankenbach et al. (1989) , such as:
where ⌘ 0 is the reference viscosity (at T = T 0 , the surface temperature) and T is the temperature di↵er-ence between the bottom and the top of the model domain (see Table 1 ). The viscosity thus depends on temperature T and depth z, as defined in Blankenbach et al. (1989) , b and c being constants (see Table 1) and h corresponding to the size of the model in the z-direction. We use the Boussinesq approximation and the density is computed as:
where ↵ v corresponds to the thermal expansion coe cient (see Table 1 ). This thermo-mechanical code was 
168
The initial rheological and density fields are dictated by the initial temperature field that is obtained The thermal structure of both the mantle and the lithosphere is seriously impacted on the long-term.
221
During the pre-collisional stage (25-100 Myrs), the oceanic lithosphere that forms on the right hand side of Consequently, the expanding oceanic plate overall thickens and cools down at a faster rate than during the The similarity between the model and observations from seismic tomography also holds for the vertical convective regime of the mantle, and therefore the heat supply to the mantle that melts beneath the ridges.
267
More specifically, our model can be confronted to a variety of independent observables, that in turn allow 268 for a quantification of the process at play.
270
The melt productivity at oceanic ridges is key diagnostic of the mantle temperature underneath the ridge of the isotherms 1100-1300 C increases by ⇠20 km, which further refrains the melting capacity ( fig. 9b ).
276
Such a weakening of the thermal regime, which corresponds to the entire range of inferred temperatures in of the system by changing the surface boundary condition, from a free slip regime toward a no slip regime.
358
During this transition, the circulation of the mantle is drastically modified: while during the pre-collisional incidence of this remodeled mantle dynamics is primordial, for it advects less heat underneath the ridge.
362
The mantle there cools down, and consequently, lower amounts of partial melt are expected at ultraslow 
382
This conclusion is not drawn from our model but also from the observation that melting linearly adjust to 383 spreading rates so as to grow a 7 km crust, suggesting that above a spreading rate of 15 mm/yr, the dynamic 384 evolution of ridges is controlled by lithospheric processes more than deeper mantle convection. However, 
